Intermittent sand filtration (ISF) is an efficient system for treatment of greywater; however, the high quality of effluent and the simple set-up contrast with the high failure rate due to clogging of surface layers. The efficacy of several polypropylene non-woven geotextiles (apparent opening size from 0.10 to 0.18 mm) used as primary treatment filters to remove suspended particles from domestic greywater and the effects of this pretreatment in the performance of fine and small media size (0.3 and 0.6 mm) ISFs was examined. Results showed geotextile achieved suspended solids (SS) removal rates from 25 to 85% and chemical oxygen demand (COD) from 3 to 30%; although the portion larger than 75 μm was removed at higher rates (55-90%), particles smaller than the nominal pore size of the filter were also captured. Geotextile used as pretreatment resulted in improvement of lifetime of the ISFs over an experimental run of 60 days. The vertical profile of volatile organic matter in the ISFs was evaluated at the end of the experiment and it showed a clear reduction in the accumulation of organic material on the top layer of the ISFs, effectively avoiding its early failure by accumulation of solids.
INTRODUCTION
Decentralized reclamation and reuse of domestic wastewater is considered as one of the alternatives to alleviate the water availability issues for agricultural irrigation and reduce the health risks associated with lack of improved sanitation in rural communities of developing countries, which heavily depend on agricultural production (Morel & Diener ) . Reclamation of domestic greywater is of particular interest for water reuse in domestic gardens or small-scale irrigation systems since it generally contains lower concentrations of organic matters and pathogens compared to mixed wastewater (Eriksson et al. ; Gajurel et al. ; Friedler & Hadari ) .
The Onsite Wastewater Differentiable Treatment
System is an ecological sanitation alternative based on the 'don't mix' and 'don't collect' principles that proposes source separation and treatment of reduced volume blackwater (excreta and urine), higher load greywater (HLGW) and lower load greywater (LLGW) (López-Zavala et al. ). Typically, HLGW includes greywater from kitchen sinks, laundry (totally or partially) and dishwashers, while LLGW is formed by effluents from showers, baths and hand basins. Treatment of blackwater through a dry bio-toilet was proposed for production of compost to be used as fertilizer. The separation of greywater into two types is based on the assumption that greywater from different sources varies in volume and concentration of pollutants (Almeida et al. ; Funamizu et al. ; Friedler ) , thus reducing the treatment required for certain effluents. LLGW was intended to be treated by natural soil infiltration systems and HLGW by onsite conventional systems and discharged afterwards. In this sense, the treatment of HLGW by membrane bioreactors (MBRs) for urban non-potable reuse (Huelgas & Funamizu ) and by slanted soil system for reuse in irrigation (Ushijima et al. ) has been explored. However, the complexity of these systems, added to the frequent maintenance, requirement of qualified labor and energy requirements (in the case of the MBR) may still be a barrier for wide implementation in low-and medium-income developing countries.
On the other hand, intermittent sand filtration (ISF) is one of the simplest and most efficient methods to treat wastewater; this technology combines physical and biological aerobic processes, enhanced by the aeration given by the intermittent load of influent, as in the case of domestic greywater discharge (Reed et al. ) . High quality effluents in terms of organic matter and suspended solids (SS) can be achieved with shallow depths (Darby et al. ; Rodgers et al. ) , depending on the physical configuration of the system and the hydraulic loading rate (HLR). However, the weak point of this system is the relatively high failure rate due to clogging (Leverenz et al. ) . We propose the use geotextile fabric filters as pretreatment for domestic greywater prior to treatment by simple ISF systems as a measure of protection to overload of SS. Then, permittivity was measured three consecutive times using water and the arithmetic average was calculated.
MATERIALS AND METHODS

Evaluation of geotextiles
After that, a batch of 50 cm of greywater was loaded to the geotextile sample and the filtrate collected. Permittivity was measured again with water. The process of loading batches and measuring permittivity was repeated until permittivity was under 10% of the original and it was considered as clogged.
The quality assessment of influent greywater and collected filtrates was done in terms of SS and COD. The material with the best performance, i.e. higher removal of SS and COD, was subsequently examined for a more detailed analysis regarding the particle size distribution of used only in the last 2 weeks to avoid any disturbance to the ISFs and when the microbial populations had likely already stabilized. The ISFs were operated for 60 days. The conditions were set such as to be able to observe clear differences due to overloading of SS. For the first 6 weeks, effluent was collected only at the bottom of each ISF.
Since the greywater volume of each discharge was small, only one port was opened in each sampling, starting from depth 0.6 and going upwards; this took a week for evaluation at all depths.
The geotextile filter for pretreatment was installed in 
RESULTS
Performance of geotextiles
As shown by the range in Table 2 Differences in removal rate of SS were negligible in the initial conditions, but generally, after loading 100 cm it was possible to observe difference in the behavior of the materials (Figure 3) . Overall, only the geotextile models with density above 170 g m À2 (4161N, NT2000 and NT3000) achieved removal rates above 50% of the SS. Table 3 shows the average SS and TCOD removal by geotextiles, where the maximum value of the range refers to the last measured removal before the permittivity value was below 10% of the original.
For the filter experiment, geotextile NT3000 was chosen due to its ability to capture more SS compared to other models. Since the quality of greywater is variable, several samples of NT3000 were individually assessed regarding the specific size of the particles removed; this is of importance since the size of deposited particles has been cited as one possible factor in ISF clogging. Figure 4 shows fractioned removal of SS by geotextile NT3000 for one sample batch test when greywater had a SS concentration of 143 mg L À1 , from which 77 mg L À1 were solids larger than 0.075 mm. SS removal had a high initial value and sustained increase in quality, from 79 to 85%, the remaining SS in the filtrate being mostly solids smaller than 0.032 mm. Although the pore size of NT3000 is 0.15 mm, the material was able to remove SS in smaller fractions. Permeability was significantly reduced after only 150 cm.
Performance of ISFs and geotextile filters
The performance of the geotextile was slightly different compared to the first experiment. In this longer-term operation, insects and other random materials were occasionally observed, in addition to the previously mentioned greywater contents. The geotextile filter had to be replaced every 7-10 days, which means it only filtered 112-160 cm, compared to the 250-300 cm observed in the preliminary tests. Some type of slime was observed on the surface of the geotextile but not measured in any way; this could, however, indicate some bacterial activity. For the case of 0.60 mm sand with geotextile pretreatment, the decrease in permeability was the least severe, increasing from 17 seconds in the initial day to 92 seconds on day 60. Although there was an increment in the infiltration time, the increase rate was significantly slower compared to the case without geotextile.
The remaining three ISFs were dismantled after 60 days of operation and the LOI tests were performed. Figure 6 shows the difference in weight loss in each of the layers.
The most notable difference is observed in the top layer (data not shown). This confirms the ability of geotextile to extend the lifetime of ISFs over a continuous usage.
At depth 100 cm, the quality of effluent from ISFs was high in terms of both SS (less than 1 mg L À1 in all cases) and organic matter (COD removal over 90%). The quality of the effluents did not significantly vary between the columns of same media size (Table 4 ).
The profile obtained in the last 2 weeks for the three remaining columns through samplings in the ports provided information about the degradation of organic components (Figure 7 and 8). COD reduction was drastic in the upper 10 cm, whereas LAS removal had a more linear relationship to depth, reaching overall efficiencies of 88% and 84-86%
for fine and medium sand, respectively.
DISCUSSION
As shown in the results from the first phase, the geotextiles have a remarkable ability to remove SS and COD in particulate form. Moreover, the particle size can be controlled. In the case of a traditional sedimentation tank, the removal of SS depends on the retention time, something difficult to control in the case of sudden and intermittent discharges. In addition, the lack of maintenance in such systems can cause a sharp increase in SS exiting the chamber, a common occurrence. Geotextile filtration appears to be a good option to control the size of particles, although the maintenance required for the current method of use seems a downside. In a previous study by Marino (), a geotextile was evaluated in removal of organic particles under horizontal flow, the material was able to separate the large elements and when the flow stopped, the retained material subsequently slurred, giving an idea of the geotextile working as a simple mesh and separating particles of a given size; however, the nature of particles in greywater is different in the sense that particles attach to the fibers of the geotextile, giving little chance to reuse the filter under the current usage conditions. The inclusion of geotextile in a self-cleaning backwash system set-up as shown in Silva Vieira et al.
() could enhance its lifetime and reduce the frequency of maintenance. In that scheme the geotextile was installed in an inverted siphon set-up, performing an up-flow filtration rather than top to bottom as in this study. This set-up allowed the retained SS to settle in the bottom of the siphon after the ] 99.9 ± 14.7
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3.0 ± 1.2 3.0 ± 1.5 3.5 ± 1.0 3.9 ± 1.2 Although the influent in that study was rainwater, the same principle applied for a greywater system could be a good option to be examined for a longer lifetime of the geotextile.
The thermal-bonded side of geotextile materials NT1800, 2000 and 3000 seemed to be beneficial on the initial sieving capture of SS and certainly the structure of the geotextile was more robust since the fibers were bonded together. Besides this characteristic, another important factor in removing particles seems to be the density of the materials. Despite having a theoretical smaller AOS and similar thickness, the model 4161N performance in removal of SS and COD was slightly below models NT2000 and NT3000, and above NT1800, an order which correlates to the densities shown in Table 1 .
The improvement in performance over the course of loading greywater to geotextiles is undoubtedly due to the accumulation of trapped particles in the fibers of the filter and a logical reduction of porosity, as well as the formation of a cake layer. This is clearly shown when the SS load of larger particles was higher (Figure 4 ). The removal rates jumped to near 80%, although with a reduced lifetime.
The effect of the geotextile on the permeability of the ISFs was evident, although the experimental conditions were somewhat near worst case scenario for the two columns without pretreatment. However, it was clear that the short term clogging was avoided by pretreatment. The geotextile reduced the SS load, thus reducing the particulate accumulation on the surface, which was not only important regarding the total volume but also the type and size of particles trapped; the geotextile removed not only particles, but also fibers originated in clothes, which had previously been suggested by Spychala & Blazejewski () to contribute to the acceleration of clogging in sand filters. These types of SS probably have a higher chance to breakthrough a sedimentation tank, most likely if those are low density synthetic fabrics, which adds the complication of no biodegradation.
Geotextile has a remarkable ability to trap such materials and similar (hair) within its complex array of fibers, compared to a simple metallic mesh. In the long run this process could extend the lifetime of a sand filter.
The quality of effluent in the ISFs did not show any significant difference and, as expected, the top layer of the filters was the most important for the removal of COD and SS, mainly due to the capture of the particulate portion by sieving. The near linear pattern in LAS concentration to depth shows that removal may be initially influenced by the adsorption process followed by biodegradation.
Biofilm growth is a process inherent to this type of bioreactor, but if the system works under appropriate conditions and resting times are allowed periodically, the system can have a stable performance for long periods of time. Clogging by deposition of large and non-degradable materials on the other hand is an avoidable process.
CONCLUSIONS
The study showed geotextiles were able to remove more than 50% of SS in greywater. Moreover, the removal of The results of the experiment show that geotextile filters may have potential for extending the initial lifetime of ISFs.
The downside is the periodic maintenance and the material expense needed every 7-10 days in the current usage form.
It is recommended to explore alternative usage techniques to address this matter. Promising alternatives could be the usage of layered packed geotextile and/or the up-flow layout shown in some rainwater oriented systems, but a
